Two kinds of new Fe-Cr system brazing filler metal, .0P-5.0Si-2.0Mo, were developed as a substitute for an expensive Ni-based brazing filler metal in brazing of SUS304 stainless steel. Corrosion resistance of the joints brazed with new filler metals were investigated and compared with the joint brazed with the conventional Ni-based brazing filler metal. Microstructures of fillet areas of the joints brazed with the Fe-20Cr-43Ni-10P filler metal and the Fe-20Cr-20Ni-8.0P-5.0Si-2.0Mo filler metal are made up of primary crystal and the final solidified region. The dark gray phase and the bright gray phase were found in the final solidified region on the basis of the back-scattered electron image observation. Corrosion attacks occurred only in the final solidified regions for both filler metals. The bright gray phase in the final solidified region is preferentially corroded for the Fe-20Cr-43Ni-10P filler metal due to the formation of Cr-poor phase. In contract, for the Fe-20Cr-20Ni-8.0P-5.0Si-2.0Mo filler metal, the dark gray phase is preferentially corroded because the bright gray phase is of the high level of Cr content. Compared with the Ni-based filler metal, the corrosion resistance of the Fe-20Cr-20Ni-8.0P-5.0Si-2.0Mo filler metal is slightly weaker. On the other hand, the Fe-20Cr-43Ni-10P filler metal does not nearly provide corrosion resistance as a result of the formation of Cr-poor phase. Furthermore, it is confirmed that the formation of Cr-poor phase in the Fe-20Cr-43Ni-10P filler metal is related to volume fraction of the phase.
Introduction
With the advancements in computing technology in the past few decades, electronics have become faster, smaller and more powerful. This results in an ever-increasing heat generation rate from electronic devices. In the past two decades, many cooling technologies have been pursued to meet the requirements of high heat dissipation rate and maintaining a low junction temperature.
Among these efforts, the microchannel heat exchanger has received much attention 1) . The advantages of compact structure and high heat transfer performance make the microchannel heat exchangers showing a nice foreground and becoming more popular, both for commercial purposes and in scientific research 2) . The trend toward miniaturization and the advances in micro fabrication have led to the application of microchannel heat exchangers for thermal management in areas such as medicine, consumer electronics, avionics, metrology, robotics, process industry, telecommunication and automotive industries and so on 3) .
Since the fabrication involves the bonding the fins to microchannel flat tube, brazing is the preferred option for the complex systems 4) . Several commercial brazing filler metals exist. Brazing filler metals the most commonly used include the silver-based and the nickel-based 4) . Regarding liquid flow heat exchanger (such as water), not only microchannel heat exchanger, corrosion resistance of material is important. Stainless steel joints brazed with the Ni-based filler metal which has excellent corrosion and heat resistance is popular in practical application 5), 6) .
Owing to soaring commodity prices, there has been a growing supply anxiety of resources in a variety of industry sectors since 2003. The price of metals consumed in large quantities, such as Cu, Zn, Ni, reached four times as much as that in 2000, furthermore, it is presumed that the higher price is followed 7) .
Therefore, the Ni-based filler metal, mainly composed of Ni, is subject to the high cost of producing. and depth of attack. This study also aims to explore the reasons for the change in corrosion resistance of the brazed joints.
Experimental procedure

Specimen preparation
Plates of commercial SUS304 stainless steel were cut into 50 mm 40 mm 2 mm chips and subsequently cleaned ultrasonically in acetone before brazing. Chemical compositions and melting properties of the brazing filler metals are listed in Table 1 . For purpose of comparison, the conventional Ni-29Cr-6.0P-4.0Si filler metal (Ni-based) was also prepared. T-specimens shown in Fig.1 
Immersion test
The immersion tests of brazed joints were conducted at 50 ℃ in a compound aqueous solution. The compound solution of 1000 ml is composed of 1650 mg NaCl, 3.4 ml nitric acid (60 %) and with the accompanied software.
Microstructure analyses
The specimens after immersion tests were cut out according to Fig.1 (b) and central two parts were used for microstructure analyses. The specimens used for microstructure analyses before and after corrosion tests were abraded in #100, #400, #800, #1200, #2400 and #4000 grit emery papers and then polished by 1.0 μm aluminum suspension. The microstructures of crosssections of fillet areas before and after corrosion test were analyzed using the EPMA. The microstructures of stainless steel surfaces after corrosion test were analyzed using a CCD scope. 17.9: 38.9: 0.5 (mass%). Since the content of P is significantly reduced, it is implied that the primary crystals possess high level of toughness. In contrast, Fe: Cr: Ni: P of the dark gray phase in Ni-29Cr-6.0P-4.0Si 980 1040 Corrosion morphologies of the final solidified region are shown in Fig.6 . As shown in Fig.6(a) , the bright gray phase in the final solidified region is preferentially corroded for the Fe-20Cr-43Ni-10P filler metal. This is connected with galvanic corrosion raised .
Ja is the contact current density, U R.k , U R.a are the corrosion potentials of the cathode and anode respectively, r K represents the specific polarization resistance of the cathode. S k and Sa are the area of the cathode and anode respectively. Eq. (1) shows that the contact current density depends directly on the potential difference and the area ratio V. To reduce a corrosive damage caused by galvanic corrosion, they should be minimized.
Therefore, corrosion behavior of SUS304 stainless steel must have benefited from the noble potential or low the area ratio of cathode and anode. It is necessary to verify by electrochemical measurements.
The maximum depth of attack
The maximum depths of attack are shown graphically in Fig.8 .
Compared with the Ni-based filler metal, the Fe-20Cr-20Ni-8.0P-5.0Si-2.0Mo filler metal is slightly weaker and present good corrosion resistance. On the other hand, the Fe-20Cr-43Ni-10P
filler metal is much more severely attacked than the Fe-20Cr-20Ni-8.0P-5.0Si-2.0Mo filler metal.
As described in 3.1, no Cr-poor phase and fine microstructure were observed in the Fe-20Cr-20Ni-8.0P-5.0Si-2.0Mo filler metal. Sufficient Cr content and fine microstructure can improve corrosion resistance of filler metal 11),12), 14) , therefore, it is no Crpoor phase and fine microstructure that promoted corrosion resistance of the Fe-20Cr-20Ni-8.0P-5.0Si-2.0Mo filler metal.
In contrast, the Fe-20Cr-43Ni-10P filler metal does not nearly provide corrosion resistance as a result of the formation of Crpoor phase with lower Cr content and coarse microstructure.
In the study, it is also confirmed that no Cr-poor phase and fine microstructure can be conducive to corrosion resistance of filler metal.
Cr-poor phase of Fe-20Cr-43Ni-10P filler metal
Not only in the fillet area but also in the brazed layer, Cr-poor phase in the Fe-20Cr-43Ni-10P filler metal has been observed.
In this study, the fillet area was a region where the fillet was formed as shown in Fig.2 , and the brazed layer was defined as the junction region between both of SUS304 stainless steel in the T-specimen. The microstructure of the brazing layer of the joint brazed with the Fe-20Cr-43Ni-10P filler metal is similar to that of the fillet area 15) . Cr quantitative analysis results for the primary crystal and the Cr-poor phase are shown in Table 2 .
Microstructures of the finally solidified regions of Fe-20Cr-43Ni-10P filler metals with various clearances are shown in Fig.9 .
Based on the images, the area ratio occupied by the Cr-poor phase was calculated by using the Image-Pro Insight image analysis software and the results are shown in Table 2 as well. From Table   2 , it can be seen that the area ratio occupied by the Cr-poor phase is increasing along with the large clearance. At the same time, the Cr content deviation between the primary crystal and the Cr-poor phase grow large and the Cr-poor phase containing poorer Cr is formed. In contrast, the primary crystal is not nearly influenced.
That is to say, the formation of Cr-poor phase is related to volume fraction of the phase. However, the mechanism about volume fraction change of Cr-poor phase is still unknown and it is necessary to continue investigation.
Conclusions
The corrosion properties of the SUS304 stainless steel joints, using new Fe-Cr system brazing filler metals, were extensively evaluated in this study. Important conclusions are summarized below:
( 
